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(54) DEFECT INSPECTION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a highly accurate and 
efficient automatic defect inspection by receiving the diffracted 
light of a first illumination from a substrate pattern and the 
scattering light of a second illumination from the substrate and then 
performing image processing based on the image of the substrate 
thus obtained. 

SOLUTION: The inspection system of detect, e.g. flaw or uneven 
coating, on the surface of a wafer 2 comprises a first illumination 
optical system 1 illuminating a parallel luminous flux from a spherical 
reflector 104, a second illumination optical system 5 illuminating a 
slit-like light from an optical fiber 502, and a light receiving optical 
system 3 having a CCD camera 304. The diffracted light pattern of 
the wafer 2 illuminated by the first illumination optical system 1 is 
picked up by means of the camera 304 and compared with a 
prestored detect free wafer image by means of an image processor 
4. Since the diffraction angle depends on the pitch pattern, a stage 
6 mounting the wafer 2 is inclined appropriately. Furthermore, 
scattering light from the wafer 2 illuminated by the second 
illumination optical system 5 is picked up by means of the camera 
304 in order to detect the image of a flaw. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the defective test equipment in 
manufacture processes, such as a semiconductor device, which detects defects, such as a blemish on the surface 
of a wafer, and spreading nonuniformity. 
[0002] 

[Description of the Prior Art] Before, the visual inspection by the help is carried out to defective inspection of the 
blemish on the surface of a wafer, spreading nonuniformity, etc. Moreover, the image of the wafer by the reflected 
light of the light illuminated to the wafer is incorporated to an image processing system in recent years as what 
inspects automatically, and there are some which detect the defect on the surface of a wafer. 
[0003] 

[Problem(s) to be Solved by the Invention] However, there were the following troubles with conventional equipment. 
That is, there is individual difference in the visual inspection by the help, it is inefficient-like, and, generally 
equipment is also large-sized. Since the wafer surface is observed by the reflected light, a blemish enters and 
contrast falls depending on the direction, and the blemish itself will stop being able to be visible easily and it will 
become impossible moreover, to detect in detection of the blemish on the surface of a wafer especially in the ■ 
automatic test equipment using the reflected light. 

[0004] Although this invention is that it is small and simple-like while they are made in view of this trouble and 
attains the increase in efficiency by automation, it aims at offering defective test equipment with a high detection 
precision. 
[0005] 

[Means for Solving the Problem] A stage on which a substrate is put in this invention in order to solve the above- 
mentioned problem, The first illumination-light study system which illuminates said substrate, and the second 
illumination-light study system which illuminates said substrate, Light-receiving optical system of a lot which 
receives only the scattered light from this substrate among illumination light from said first illumination-light study 
system among the diffracted light from a pattern on said substrate, and illumination light from said second 
illumination-light study system, It has a leaning device which makes this stage incline, and an image processing 
system which performs an image processing based on an image of this substrate obtained in this light-receiving 
optical system, and defective test equipment characterized by inspecting a defect of said substrate is offered. 
[0006] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained using a drawing. The 
first illumination-light study system 1 is constituted from the light source 101, the relay lens 102, the surface 
reflecting mirror 103, and the spherical mirror 104 by the defective test equipment shown in d rawin g 1 . After 
passing along a relay lens 102 and being reflected with the surface reflecting mirror 103, incidence of the illumination 
light injected from the light source 101 is carried out to a spherical mirror 104. The illumination light reflected by the 
spherical mirror 104 serves as the almost parallel flux of light, and faces to a wafer 2. By the stage 6 with the axis of 
rotation and an axis of tilt, rotation and a tilt are possible for a wafer 2. The diffracted light arises from a wafer 2. As 
for the produced diffracted light, an angle of diffraction changes with pitches of a pattern. Then, the tilt of the wafer 
2 is suitably carried out so that the diffracted light may be led to the light-receiving optical system 3. Drawing 2 
showed the situation when carrying out a tilt. 

[0007] The light-receiving optical system 3 consists of CCD cameras 304 equipped with the spherical mirror 301, 
the surface reflecting mirror 302, the light-receiving lens 303, and the CCD image sensor. And the image by the 
diffracted light of a wafer 2 is formed on the image sensor of CCD camera 304. The optical axis of the light- 
receiving optical system 3 which carries out incidence to CCD camera 304 is in a different field from the plane 
which the optical axis of the first illumination-light study system 1 and the optical axis of the light-receiving optical 
system 3 which sandwiched the wafer 2 make, and a field parallel to space in drawin g 1 by being reflected in a field 
perpendicular to space with the surface reflecting mirror 302. This is for preventing the zero-order diffracted light's, 
i.e., specular reflection light's, carrying out incidence to direct CCD camera 304 depending on the case, and affecting 
an image processing among the diffracted lights from a wafer 2. 

[0008] The image captured with CCD camera 304 is suitably processed with an image processing system 4. An 
image processing system 4 compares the image of a wafer without the defect made to remember it beforehand to 
be the image of the wafer 2 under inspection. When there are defects, such as nonuniformity by defocusing, the 
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portion is outputted as a defect from the difference of the light and darkness of the portion. It is now based on the 
normal of a wafer side when carrying out wavelength of p and the illumination light for the pitch of the pattern of a 
wafer 2, and not carrying out the tilt of the wafer 2 for lambda and the order of diffraction when m and a wafer 2 ar 
level that is, here, thetad is realized in whenever [ optical axial angle / of thetai and the light-receiving optical 
system 3 which crosses a wafer 2 similarly ], and thetat. then the following formulas are realized [ whenever / 
optical axial angle / of the illumination-light study system 1 which crosses a wafer 2 ] in a tilt angle. 
[0009] 
[Equation 1] 



[0010] thetai considers as minus the angle direction which expects the angle direction expected to an incidence 
side to a plus and reflection side whenever [ optical axial angle / of the first illumination-light study system 1 ], and 
optical axial angle [ of the light-receiving optical system 3 ] whenever thetad and tilt angle thetat are considering as 
plus the angle direction which expects the angle direction expected to an incidence side to a minus and reflection 
side as a sign is shown in drawing 3 . Moreover, the order of diffraction m is considering as plus the angle direction 
which expects the angle direction expected to an incidence side on the basis of the specular reflection light of the 
incident light to a wafer to a minus and reflection side. thetatO tilt angle — it is (several 1) — thetat=0 — setting — 
[0011] 
[Equation 2] 

sin.8d — sinOi = 



[0012] It becomes the formula showing the relation between a next door, a general incident angle, and an angle of 
diffraction. As shown in drawin g 2 , when the diffracted light is led to the light-receiving optical system 3 by the tilt 
of a wafer 2, the relation of (several 1) is satisfied. The degrees of the diffracted light to incorporate are minus 
primary and minus secondary. The light source of the first illumination-light study system 1 is a halogen lamp. 
Ejection and this are used for the light of some wavelength regions as illumination light among the white lights with 
an interference filter among the light injected from the light source. If detailed-ization of the pitch of the pattern 
which advances every year is taken into consideration from the pitch and wavelength of a pattern being in 
proportionality, the shorter one of wavelength is good. However, since the resist non-developed negatives will be 
exposed if too short, the thing of the wavelength near 550nm is used as illumination light. 

[0013] In case the nonuniformity of a spreading failure of a resist, an exfoliation failure, spreading, or exfoliation is 
detected, the wafer by the existence of a resist may appear and there may be few differences of the direction. This 
is because the luminous intensity of a place without a resist and the reinforcement after interference of a certain 
place are in agreement. Interference filters are exchanged and the wavelength of the illumination light is changed so 
that a difference may appear in reinforcement at this time. When wavelength is changed, it cannot be 
overemphasized that the tilt of the wafer 2 is carried out so that the relation of (several 1) may be satisfied. 
[0014] the optical system of the reflective mold with which the spherical mirror 104 was used for the first 
illumination-light study system 1 and light-receiving optical system 3 — a tele cent — it is rucksack optical system. 
By the first illumination-light study system 1, it is arranged so that the light source of a wafer side [ a before / a 
spherical mirror 104 / side focal location and ] may correspond with a backside focal plane mostly. The before [ a 
spherical mirror 301 ] side focal plane and the wafer side are making the backside focal plane and the entrance pupil 
side of the light-receiving lens 303 mostly in agreement in the light-receiving optical system 3 again, them — a tele 
cent — rucksack optical system is constituted. It is made a tele cent rucksack for going across how the image 
captured with CCD camera 304 appears all over a wafer, and making it the same. 

[0015] In the optical system which is not a tele cent rucksack, incident angle thetai+thetat to the wafer of (several 
1) and angle-of-diffraction theta d-theta t change with locations on a wafer, respectively. Since the reinforcement 
of the diffracted light changes depending on the incident angle of incident light, how for it to be visible also by the 
same defect with the location on a wafer may differ. However, with the equipment shown in drawing 1 , since it is a 
tele cent rucksack, it crosses all over a wafer and incident angle thetai+thetat and angle-of-diffraction theta d- 
theta t become uniform. Therefore, if it is the defect same irrespective of the location on a wafer, how to be visible 
becomes the same and is more advantageous to specification of a defect. 

[0016] Moreover, since equipment will be enlarged if the telecentric optical system of refractive media is used, 
equipment is miniaturized by making it the optical system of the reflective mold using a spherical mirror 104. Since it 
is merely eccentric optical system, the smaller possible one of the incident angle of the reflected light to a spherical 
mirror 104 is desirable. It is because astigmatism will become large if not much large. With the equipment shown in 
drawin g 1 , it is 10 degrees. 

[0017] the first illumination-light study system 1 and the light-receiving optical system 3 — some conditions are 
needed for the value of whenever [ each optical axial angle ]. When the incident angle over a wafer generally 
becomes large, the difference of an incident angle and an angle of diffraction becomes large, and an illumination-light 
study system and light-receiving optical system will leave it. However, since an incident angle does not exceed 90 
degrees, it does not become larger than the difference of an incident angle and an angle of diffraction in case an 
incident angle is 90 degrees. That is, the difference of the angle of the illumination-light study system 1 and the 
light-receiving optical system 3 must become smaller than the difference of the incident angle at the time of 90 
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incident angles, and an angle of diffraction. 

[0018] Moreover, if an incident angle is fixed, an angle of diffraction becomes large. So that a pitch is small. 
Therefore, since the difference of an incident angle and an angle of diffraction becomes small, the illumination-light 
study system 1 and the light-receiving optical system 3 must be set up so that it may become smaller than the 
difference of the incident angle at the time of the minimum pitch, and an angle of diffraction. Then, if it asks for 
difference theta d+theta i of an incident angle and an angle of diffraction when a minimum pitch to be examined is 
set to pi and an incident angle becomes 90 degrees and will place with incident angle theta i+theta t= 90 to a wafer, 
since it will be thetat=90-thetai, (several 1) is [0019]. 
[Equation 3] 

sin{ed - (90 - Si)) - sm(0i + (90- Si)) = ^ 

[0020] It becomes and arranges and is [0021]. 
[Equation 4] 



[0022] It becomes. At the maximum of the difference of the angle of the illumination-light study system 1 and the 
light-receiving optical system 3, this does not become larger than this. That is, the following serves as a 



[0024] And if thetai and thetad are set up, tilt angle thetat will be easily called for from (several 1). That is, (several 
1), it deforms and is [0025]. 
[Equation 6] 



[0027] It becomes. The value actually near the maximum of the conditions acquired by (several 5) is not not much 
used in practice. It is because an incident angle becomes close to 90 degrees at the time of a minimum pitch to be 
examined, so the quantity of light which illuminates a wafer becomes less extremely and inspection is affected. As 
small the one of angular difference as possible is good at the point of making the incident angle to a wafer small and 
taking many quantity of lights. Since mutual optical system will merely interfere mechanically shortly when too small, 
it is good to arrange the first illumination-light study system 1 and light-receiving optical system 3 so that it may 
not interfere and angular difference may become small. 

[0028] For example, when a pitch to be examined is set to p= 0.4-1 micrometer, lambda= 0.55 micrometers, and m=- 
1, angular difference of the illumination-light study system 1 and the light-receiving optical system 3 must be made 
into 68 degrees or less. Although the angular difference in which it begins to interfere mechanically changes in 
spherical mirror 104 list with the magnitude of a spherical mirror 301, a focal distance, and configurations of the 
hardware to attach, it is about 35 degrees about. Therefore, the range of angular difference becomes about 30 
degrees by 35 degrees - 68 degrees and width of face. In order to make [ many ] the quantity of light which 
illuminates a wafer, it will be good to make angular difference into the value near 35 degrees. Temporarily, 20 
degrees, then a tilt angle become [ in whenever / optical axial angle / of the first illumination-light study system 1 ] 
1 7 degrees about whenever [ optical axial angle / of the light-receiving optical system 3 ] 20 degrees at the time of 
47 degrees and p= 1 micrometer at the time of p= 0.4 micrometers, using angular difference as 40 degrees. 
Moreover, -20 degrees, then a tilt angle become [ in whenever / optical axial angle / of the first illumination-light 
study system 1 ] -23 degrees about whenever [ optical axial angle / of the light-receiving optical system 3 ] 60 
degrees at the time of 7 degrees and p= 1 micrometer at the time of p= 0.4 micrometers. 

[0029] The first illumination-light study system 1 and the light-receiving optical system 3 may be set up so that the 
range of a tilt angle may receive by the maximum pitch from a minimum pitch to be examined and may become a 
double sign **** EQC. It is a plus and minus side and is because it may become inconvenient mechanically if there 
is a bias extremely. Now, pi and the tilt angle at that time are set to thetat, and the maximum pitch is set to p2 for 
a minimum pitch to be examined. The tilt angle at the time of p2 is set to -thetat. It is [0030] from (several 1 ). 
[Equation 8] 




requirement. 
[0023] 
[Equation 5] 





[0026] 
[Equation 7] 
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<aa{ed-6t)-sm(ei + et) 



pi 



[0031] 
[Equation 9] 

sin(e d + 6 1 ) - sin(0 i - 6 1) 




[0032] It is [0033], when the leg of a next door and the both sides is carried out, respectively and they are arranged. 



[0034] It becomes. Moreover, it is [0035], when both sides are lengthened, respectively and are arranged similarly. 
[Equation 11] 



[0038] ******. Moreover, since (several 10) and (several 1 1) (several 12) thetad-thetai, and theta d+theta i can be 
found, thetad and thetai can also be specified from the tilt range of a wafer, the point — the same — a pitch to be 
examined — as p= 0.4-1 micrometer, lambda= 0.55 micrometers, and m=-1 — the tilt angle at the time of P= 0.4 
micrometers — +18 degrees (tilt angle at the time of p= 1 micrometer - 18 degrees) — then It becomes theta d- 
theta i=-74.3 degree or (several 10) (several 1 1) i= 66.2 degree of theta d+theta, and becomes thetad=-4.1 degree 
and thetai=70.3 degree from (several 12). Moreover, about the tilt angle at the time of P= 0.4 micrometers, +15 
degrees then theta d-theta i=— 64 degree, and i= 40 degree of theta d+theta are served as (tilt angle at the time of 
p= 1 micrometer - 15 degrees), and it becomes thetad=-12 degree and thetai=52 degree. The one where a tilt angle 
is smaller is more advantageous from the point of the quantity of light which illuminates a wafer as the difference of 
an angle with thetad+thetail, i.e., the first illumination-light study system, and the light-receiving optical system 3 
becomes small and being stated previously. Also at this time, it is natural to be arranged without the first 
illumination-light study system's 1 and light-receiving optical system's 3 interfering mechanically, and so that a tilt 
angle may become small. Moreover, since there are few tilt angles and they end, it becomes mechanical more 
advantageous. 

[0039] When a wafer 2 rotates and it is put on a stage 6, the diffracted light comes to have the angle component of 
the space of drawing, and a perpendicular direction. If there are too many amounts of rotation, the diffracted light 
will separate from the light-receiving optical system 3, and it will become impossible therefore, to incorporate the 
image of a wafer 2. Numerical aperture by the side of the wafer of deltatheta and the light-receiving optical system 
3 is set [ the absolute magnitude of the amount of rotation of a wafer 2 ] to NA for deltaphi and the angle 
component of the space of the diffracted light, and a perpendicular direction. The unit of deltaphi and deltatheta is a 
radian. When deltatheta had very small deltaphi, it turned out that it can express as follows. 
[0040] 

[Equation 13] 



[0041] It is reflected by the spherical mirror of the light-receiving optical system 3, and the diffracted light in which 
only deltatheta had an angle component by rotation faces to CCD camera 304 mostly at an optical axis and parallel. 
In case incidence of the diffracted light is carried out to CCD camera 304, it is in the outside of an entrance pupil 
and will be solved, and it becomes impossible to obtain the image of a wafer 2. Since a spherical mirror to CCD 
camera 304 is an parallel system, the location of the diffracted light in the entrance pupil side of CCD camera 304 is 
equivalent to deltatheta, and the radius of an entrance pupil is equivalent to NA in the wafer side of the light- 
receiving optical system 3, respectively. Therefore, conditions for the diffracted light to carry out incidence to CCD 
camera 304, even if a wafer 2 carries out rotation are [0042]. 
[Equation 14] 

[0043] Come out, and it is and is [0044] from (several 13). 
[Equation 15] 



[Equation 10] 





[0036] a next door — and (several 10) (several 11) — from — [0037] 
[Equation 12] 



2 pl-p2 
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[0045] A next door and rotation should just be amounts with which are satisfied of (several 15). For example, it 
becomes a deltaphi<=7.3 MIRIRA azine from p= 0.4 micrometers, lambda= 0.55 micrometers. m=-1. NA=0.01, then 
(several 15). Drawin g 4 (a) and (b) are what bent the optical axis by the spherical mirror 301 instead of bending an 
optical axis with the surface reflecting mirror 302 in the field which is not parallel to space in the equipment shown 
in drawin g 1 , and the diffracted light is reflected in space and a perpendicular by hand front in drawin g 4 (a). 
Drawin g 4 (b) is drawing which looked at the equipment of drawin g 4 (a) from right-hand side, and the light diffracted 
in the field perpendicular to space with the wafer 2 is reflected in the field parallel to space inside by the spherical 
mirror 301. As shown in drawing 5 (a) and (b), even if it can, of course, acquire an effect equivalent to the equipment 
shown in drawing 1 also with such a configuration, and it takes the configuration which incorporates the diffracted 
light from a spherical mirror 301 to the direct light-receiving lens 303 and CCD camera 304, it is satisfactory in any 
way. 

[0046] In addition, although the image formed on a CCD image sensor turns into an image which the upper and lower 
sides or right and left reversed with the equipment shown in drawin g 4 (a), 4 (b), 5 (a), and 5 (b), it does not become 
a problem especially in the case of an image processing. What is necessary is to insert one more surface reflecting 
mirror, or to perform electric processing, and just to make it an erect image, if required. Moreover, although the 
spherical mirror is used, even if it uses the Fresnel zone plate of a reflective mold, of course in the equipment 
shown in drawin g 1 , the same effect can be acquired. 

[0047] The scattered light is used for detecting a blemish, the equipment shown in drawing 1 — it is and the second 
illumination-light study system 5 consists of the light source 501, an optical fiber 502, a wavelength selection filter 
503, and a cylindrical lens 504. The same thing as the time of the defective inspection by the diffracted light is used 
for light-receiving optical system. The illumination-light study system 5 for the scattered lights is arranged in the 
plane which the optical axis of the first illumination-light study system 1 which crosses a wafer 2, and the optical 
axis of the light-receiving optical system 3 which crosses a wafer 2 make, and the almost equal plane. Thus, the 
reason to arrange is for using equipment itself as a compact more. 

[0048] The light injected from the light source 501 goes via an optical fiber 502. The configuration of the end face 
by the side of injection of an optical fiber 502 has the shape of a slit long and slender to space and a perpendicular 
direction. The wavelength selection filter 503 absorbed the light of short wavelength alternatively among the white 
lights injected from the light source 501, and has prevented sensitization of the resist non-developed negatives. 
Since the light injected from the end face of a fiber 502 has breadth, it is made into parallel or an almost parallel 
light in the field of the direction of a short hand of a slit by the cylindrical lens 504. The light injected from the fiber 
502 by this can be made to irradiate a wafer 2 efficiently. 

[0049] Then, although light is reflected with a wafer 2, when there is a blemish with the diffracted light by the 
pattern in that case, the scattered light by the blemish arises, the case where the diffracted light is carrying out 
incidence although only the scattered light should carry out incidence to the light-receiving optical system 3 — a 
wafer 2 — a tilt — and rotation is carried out and it is made for the diffracted light not to go into the light-receiving 
optical system 3 Thereby, only the scattered light produced by the blemish on a wafer is incorporated by CCD 
camera 304. The image of the blemish by the result and the scattered light is obtained. 

[0050] In the equipment shown in drawing 1 , although the cylindrical lens is used, the SELFOC lens may be used 
instead of a cylindrical lens. In this case, what bundled two or more SELFOC lenses is used, and the end face of an 
optical fiber is arranged in the focal location of the SELFOC lens. The light injected from the optical fiber serves as 
the parallel flux of light by the SELFOC lens, and faces to a wafer. The light source used at this time is the same as 
that of the time of using a cylindrical lens. Moreover, the same effect can be acquired even if it uses a fly eye lens 
instead of the SELFOC lens. 
[0051] 

[Effect of the Invention] As mentioned above, in this invention, it is performing an image processing based on the 
image of the substrate by the diffracted light, and an efficient automatic defective inspection is attained. Little [ for 
moving part ] compact equipment can be obtained by considering an illumination-light study system and light- 
receiving optical system as immobilization, and carrying out the tilt of the substrate especially. 

[0052] Moreover, it is effective for especially detection of a blemish by carrying out rotation of the substrate in the 
case of inspection by the scattered light. 



[Translation done.] 
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3 iz^ti^X 9t;^x^2 ^^igsi^/u h ^n^ 0 

^/U h L/iO$cO^^^^L/i^70^[Il2-C r ^5o 

[0 0 0 7] 8***^ 3 11 30 K 

SWft3 0 2. fTtl/yXSOS&O'CCDid^^ 

i^tccD*^ 7 3 0 4 t'Basnt^a, tlt^ 

^/N2colo|lff7t(cJ:5(*^CCD^^ 7 3 0 4 affiffeiR 
^-hlC^fiJt-TSo CCD^7^73 0 4iaWt5SM 
^3(75*tttt, ^S5RW^3 0 2Tr«ffi4:SittttHrt 

ii-fric J: o t r* •> a: ^> 2 /j^ib cotelWTtco 9 *> 0 fcEHW 
jfe, in*>jESW*3i ? ffiffiCCD*> 7 3 0 4ICAWL, 

[0 0 0 8] CCD^^ 5 3 0 4 T*J& 9 &A/fc*Bflfcfi. 

Hifft»aa9SB4«c:Tjai:«] f ffl*na Q i®fa^a^iJ4 



i x r& co ft i ^ ^ / n co (a <t £ tt & -r £ o 7 s ^ * - # * 

(c J: 6 ^ 7 ft £<n!KUhtffozm&t**:<n%&<nmifc<nm 
IfcRSrm, *m^2^;k3prc>B$, oi^x/N2?r^ 

[0 0 0 9] 
[ft I 1 

[0 0 10] ff^(Co^T(40 3(C*1-4:*>9, |g-co 

saw*** i w*«iftse i f4A««B(ciaiitfflS*f&i 

TtcoiER^Tt^Sif^ LTA»«(cJtjitfAflE*lPl«r^ 
f/uhfte t^o«4b (Ri) T*e t = o<k*Ji*-c 

[0011] 

[R2] 

[001.2] 4:49, -«WftAWfctia«a0>l»««r 
^-*-S;(cft6 e H2 [ZtfLTzX ^^co^vu h 

{cJ:^Ih1^*^$*7 , c:*^3(c^^^^b#, (Rl) <o 
B8»«rWSLt:i^5 0 fc9iMrEIW#<afcft(4, ^-f^ 

tzitcno-h. Ti$7>f^i:±ot6fe}t«H, —815 
wtt««*>#«:»9tt»U CttSrHHW**: LTfUfflt 

p> % ^ * ii * ^ - v<7) tf y oymmt* %jft-rti ft 

l*"^* hSr^^^-ttr L£ 9<7)T\ 5 5 0 n mftiirCOft 
[0 0 13] hco^fiiStfi, MARSH* ^fir^*! 

»S\ (Rl) coga^Srffiffi-T^ct 5(C«Jr*/N2«r^u 
h ^i±5cO(4S9 £"C*t>ftV\, 

[00 1.4] »-tf>JHE**3R l Rtf%:ftlt^ 3 (4, 
EfcSiRWM l o 4 ^rffli^iRS^coTt^^T'^ i/tyh 

y y^47t^T'^>6o IB— wflawjt-jfcsfi i *m, *w 



»BB¥ i 1-51874 

3 T'(4, »ffiIRW»3 0 l WBftfMSR^BSi: r> ^'^35 4: 
7^ 4fcaMJ»^ffi«!:5jtuxX3 0 3<7XM*IJfiB5£<i 
(3f-@:£i£T^<5 0 ^rtLblCctoT^uirv h y y^ft 

CCD^^ 7 3 0 4T'lfe9 j^/vfilifacoax.^^, 

[0 0 1 5] fUryHi y ^-C4H^**r*(±, ^ 
^.bcofifli-J: 9 % (Rl) co x/^ coAWft 0 i + 
0 t , (ElWft 0 d - 0 t ^tnf«4^o (HlCr*^ 

Vht^'^ntHMlzj: 9 Rxi*^a**4i^fe5 0 
L^u ID i {CTn-TISH-CtiT 1 u±^b l J v<7t£<nx^ 
^x/^EC«otAWft a i + 0 t, iHltFfft 0 d - 0 

*:te-CfcixtfAx.*^l3]i:[c/j:9, ^Pfeco^ic, J: 9 

[0 0 16] 4 JSW^co^ uir v h y vt^-lk* 

RW*<OAW*lt±tH*S^t/J^v^^a* Lv> 0 fe^ 
9*#i^^iRS^*:# < 45^5)t'&5o (2 l (-^ 

[001 7 ] <75fla^ jfe^ l RV^itit^ 3 *ix 

^nco^tt^jfgcofSicfi, fe5*(W^gti5o -fix 
i^x/«t5A»ft^t<4^i:, AW^4:[hIW 
ft<^»4*:*<ft9, fiBW***i:S****^(ll*LT 
tKltlc^So L^^L, A^t^(49 Oit^S^^r 4: 
^^^U^T*, A#+^7i^9 O^cOB^coAfrf^ tlHlSf^^M 
<t^t<46:ili4'^o o*9. ffi^Tt^l 4:S: 

itit^ikz t<r>mm<nm±. asms 9 o^ob#ooaw^ 

[0 0 18] ati* Attft^-^b, fcTy^/J^^^ 
l5ir0Wfca«*S< fc*. «6oTAWA4:iaW*4:0« 
^>/J>$ < 4-5C0T\ ft^fc^y^BS^AWft tiaSffti 
coSiJ: 9 /b^ < 45 i 5 tcflRW*** I iS***5R 3 
4: n Itixtf ft b ft * z -e^ffi^^oofz/J^ 

tfy^Srp I tL, AWft^9 0«ICftofc«F(7>A»ft 
iriaW-ft^SO d + 0 i £:*:#>"5 4:, ^x/^AWfl 
0 i+0 t=90tiltll 0 t = 90-fl ifc'H, 

(RD (4, 

[0019] 

[R3] 

sxn(0<* - (90 - Bi)) - sin(di + (90 - 0 f)) = ^ 

[0 0 2 0] 4:ft9, 5§®LT, 

[0 0 21] 

[R4] 



(4) 
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8d +6i =cos" 

[0 0 2 2] £fc5 0 ' ixA«!HW***.l iS**** 
3 coftSWfgcoJ&^ffiT-. " tiJ: 0 *:£ < &5 r t lite 

[0 0 2 3] 
If5] 



0</ + e/scos 



[0 0 2 4] t IT, 0 i , 0 d SrR^lxff , ^vu H 
ftfl t(i (f I) ^bSft(c*»P>tL5 0 EP*> (SU 



[0 0 2 5] 

[S6] 



[0 0 2 6] 
[«C7] 



■• r -l — 5 — J" 



sin" 



mX 



2/7COs((flrf + 0/)/2) > 



[0 0 2 7 ] bteZ> 0 URL (*5) -C»6jX**W=<75 
4b, it^wi^t a 7f(D0$(:A*tft^ 9 0j!t(ci£ 

[0 0 2 8 ](feil K13lt' 7 f^p = 0. 4-1 
./i m, A — 0 . 55/itn, m = - 1 tt$i, ffiP^Tfc^ 
^ l fcS#**^3<&flffiil{*, 6 8° JWTlc L4it*L 
lite bb^zk left & 9 ««tticT#Ufc»Sfc«* 
(4, *ffiSW« l 0 4 3fcWc3«ffiRJW»3 0 l <7)*:£ 

3 5° -68° , «-Cfi3 0° fcfcS. ^^^^Mt 

iMiS:2 0S < ttnil f/Uhftlt P = 0. 4/im 
0QB£l4 4 7° % p = 1 ^ mC0P$(4 1 7° £46 0 

<^fc«ift&*-2 0ffiit-ftfi\ fvuhfili, p = 0. 
4/imC0B*li7° % p = 1 . /i mC0H$(4- 2 3° fcfcS. 
[0 0 2 9] 9vUhft*>JBDII4* ^WM/hfyf 
T^bfi*: f y f^t'(:^LT7 7 * -^-f (J i3f|H]*$(c 



n 5 ®# tfcio ^ ? * n t -r >r * m -c basic ib 9 ^ 

0 U ft*eyft p 2 ^-f^o p2WI*Wf;Uhftli 
-0 ti:<c6o (SO «fc'J 

[0 0 3 0] 

[S8] 



[0 0 31] 
[«9] 



sin(0 + 0 r) - sin(0 i - 0 r ) = ^ 



[0 0 3 2] £ •» , 
[0 0 3 3] 

IS10] 

7 l *d + ei . Bd~8i 



2costf/ 



[0 0 3 4] kte&o 

xwm-tzk, 

[0 0 3 5 ] 
[Si I ] 



2 cos cos 



IP2 /*J 



[0 0 3 6] <t & 9 . 
[0 0 3 7 ] 
»12] 



2 VP 2 pl)2mBt 

1 0) &t>* (Si 1) 



9d~Si pl + pfl . n 
tan = \ — 0 taa9r 

[0 0 3 8] £t#5 0 (ftl 0) , (Si 1) R 

6 (ft l 2) J; 9 0 d - 0 i , 0 d + 0 i 

bttl*4. jfei:|S]«. *3t*t«try^«:p = 0. 4-1 
A/tru A — 0 . 5 5/j m , m = — 1 t It, P = 0 . 4 
UL m<DV$(0?-/l> I 8° ( p = 1 $i m<7)R$CD3vU 

hft*i- 1 8° ) ti'Hlf, m \ 2) J:Hd-0 i 
= -7 4.3°, (Si 0) 4fc(4 (Si L) cfcHd 
+ 0 i=66. 2° N=-4. 1° , 0 i = 

7 0. 3° bt£Z>o ifc, P = 0. 4 /i mC0P$C0^yU h 

(p = 1 ^ mC0H$(7)^U hft(4- I 5° ) 
<t1-ftfi\ Od-0 i=-64° , 0d + 0 i=4 0° 
t<CO , N=-12° % 0 i=52° <t&>5o h 
ft^/J>$^*r^, Od + 0 i , BP*>»— 1 

tttt(cT*Lfci*T\ ^i^o, ^/u h -ft^/]^ < 4*5 J: 3 



(5) 
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'> < T 1"tr co T\ fSttttt ic J o J: v ) *Tf*l £ & 6 . 
[0 0 3 9] ^xa2«LT^t- ;>6 {Cf*-ttbft 

i&tf>fc< iotL^o ^x/n2 cop— r — *>a ^ii^ 

[0 0 4 0] 
[£SCL 3] 



e?0 = 



[0 0 4 I 1 d-x-v's y(a <9 5 e tzrtftmf&ftt: 

[Hl«f*(±, C C ^ 7 3 0 4 (CAWt^^CAWS^) 
*HM(c:*>5 £ ft bftT L4t\ ^xa2 c7)ffi£t#5 * <t 

T'lirfT^t^S^b, CCD^7^ 73 0 4(OAWttS 
tWIIIWjte^fiBfi 6 etc, if-, A»*<z>¥&f±£# 

T\ >>x^2^p- t" — v^3 ylt t>(Hl*f3fe^CCD^ 

[0 0 4 2] 
[fifcl 4] 

[0 0 4 31 -Cfc 9, (»1 3) Jt9 
[0 0 4 4] 
[ftl 5] 

Ha™ 

[0 0 4 5] 4:49 , p— 7— i/a Vfi (»15) £riS 

at5ftt*s>nifa^a «x.tfp = o. 4^m, x = 

0. m = — 1 , NA=0. 0 1 t Ttlii, 

(»1 5) XV. M^7. 3;y yTis^btet}. ID 

4 (a) at* (b) it. m i (CTp-rssBi-ssv^r, 2€S 
(a) -ctt, tcs^Sitic. #m*i6iiciaw*^Ri** 

ftT^So H4 (b) It B4 (a) ^aSK*r*Ma*fe 

JLf- H -e , *x/>2 T'Jft® t fiiEft ffirt law $ ft it ± 
fiK B*ffiKattt3 0 I T*jftiB4:¥tT*ffi(crt(cSW$ft 
T^5o ra>«<ctB«-etia Lic^rRBtHffwjft* 
£i#bft5W*M&T'&£ U [15 (a) &tf (b) lc 
7r:Lf-J:9(c. «B5RS*Si3 0 I rt*e>il«S* f xX3 
0 3, CCD^;^ 7 3 0 4lc[Hl«f7t^i& t 5^trtfff5£SrI& 



[0 0 4 6] &io, Bl4(a).4(b),5(a)ft 

0*5 (b) (c^L/i^ST'(i. CCDtfHa^T-±(c^rK 
$ ft «5 ttl*±T, « L < (i^^Kte Lfc f» 6 . 

ft(f«B0S9ta«r t> i l fW'TiAt5/^\ mmftft&aS: 
IfeLTEScfiftJc-rfttfcfct^ £fc % H i (C7ni-aSB(cfc 

[0 0 4 7] «S:«mi-S(c(iRa3tS:fflv^5o 13 UC 

^-tmm^'x. m-vmmitt^sit, asou 

^77^^-5 0 2, tt*afl?7>f 5 0 3ftWSxy 

l </>#(• •>*^2i*to*S****3W**Bi:^ 
ZfztbXfoZo 

[0 0 4 8] 7^5 0 1 .7)*&»Hi£iX*:#:l*, it^r* 
A-5 0 2»t5 o ft^r^— 5 0 2^W-ffiffli|C0 

fgWi/C/;* h^JS^feSrRjV^^So yr-i'^— 5 0 2co 

y ^/ui/yX5 o 4 i;t^ V v h^S^^f^icoSrtT^ 
fir, bU<(i«5tf 5 PfT?&:*(c:i-5 0 - ftlcj: «9 77>f '< 
-5 0 2d*e>3*U£ftfc#£«(l*ft< *^2|CB8#J£ 

[0 0 4 9] ^rcom, ftti^^ "CRWSftS^. -t 

j:5»a*^ti:5. s***»3ic(t Ra#a>*a< 

¥*3(cA&fe^±5(ci-4 D ~ft(cj;9, ^/n±c/} 
(SIC «t o 1 1 1: fc»a*W** ? C C D * ^ 7 3 0 4iC^ 

9ii*ft5. »a*«cia«<7>flft^»p>fts 0 
[oo5o] m i i-^-r^gic^>(/^T(i, ->y>Ky* 
/n/yxfcffl^tt^^ *>y > Ky ^/n/yXM^ 

I$na o it7r -<^<— **6WtB*ftfc*(iir/U7^ y 
ffl$ft67t^li->y > Ky ^yuu-^X?rfflv^c^# t 

[0 0 5 I ] 



(6) 
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3teit^5Fi£@5£i: U lE^f/t- h $-1+5 r t (C J; o 
iU3t$5„ 

[0 0 5 2] S/i. »a3tT*W^3SwBRl-S.ffiS:n— ! f 
->a ~ tX\ 1#(C(gco|^iiJ(C!a^-C-fo-5. 

[Ilffiwfffiipfttft^] 



[H I ] 




1(11 2 ] * T-is&mcttz t # ar^-tH-C'fe 5. 

[iii -i ] mcnmmcommz:^ LtiT-fce. 

IHI5] 3I(Cfl!lcomtecoffJfig*-7T:Lf-|lT:-fc5o 

1 *-a>!S9i#¥3fi 

2 SK 

3 ***** - 

5 SSrrofiHW*** 

6 X7- — i/ 



[H2] 




[13 3] 



